The Natural Temperate Grassland of the Victorian Volcanic Plain currently occupies less than 1% of its former range ( McDougall and Kirkpatrick, 1994 ) . Consequently, many of the plant species that are endemic to the Volcanic Plain are in decline due to habitat loss. Senecio macrocarpus F. Muell. ex Belcher (Asteraceae) is no exception. It is a perennial forb that is found in southeastern Australia. It is listed as vulnerable under the Australian Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). Currently, S. macrocarpus populations are highly fragmented due to agricultural and industrial development and occupy areas that can be categorized as urban fringe, roadside patches, and native remnant vegetation. It has been used with some success for revegetating native grasslands in Victoria ( McDougall and Morgan, 2005 ) . To aid grassland revegetation efforts and secure the conservation of S. macrocarpus , understanding the genetic variability on the population level is crucial to create viable populations that will persist. Genomic microsatellite markers would be valuable for uncovering the variation across the entire population. Microsatellite markers are available for related species, including S . madagascariensis Poir. ( Le Roux and Wieczorek, 2006 ) and S. inaequidens DC. ( Justy and Maurice, 2012 ) . In Australia, the genus Senecio L. consists of a diverse group of native species with both self-compatible and self-incompatible species that are thought to be wind dispersed ( Belcher, 1994 ) ; the genus also includes differing ploidy levels, with the majority of species being tetraploid or hexaploid ( Lawrence, 1985 ) . We characterize microsatellite markers for S. macrocarpus to identify the genetic variation within and among populations and to understand how Victorian species are related. We included two other Victorian species to test for possible cross-amplifi cation. The developed markers will be used to identify proper conservation strategies by assessing the level of genetic variability population wide.
METHODS AND RESULTS
Voucher specimens from each population were deposited in the herbarium at the Royal Botanic Gardens, Melbourne (voucher no.: Messent Conservation Park-23705226A, Deep Lead Flora Reserve-2370528A, Bulban Road-2370530A, Derrimut Grassland Reserve-2370532A). Leaf samples were dried and kept in silica gel until DNA extraction could be performed. Genomic DNA was extracted at the Australian Genome Research Facility (AGRF, Adelaide, South Australia, Australia) from 20 mg of plant material using the cetyltrimethylammonium bromide (CTAB) method. The extracted DNA was quantifi ed using the QuantiFluor system (Promega Corporation, Madison, Wisconsin, USA).
Isolated DNA from one S. macrocarpus individual was sequenced by a Roche GS FLX sequencing platform (454 Life Sciences, a Roche Company, Branford, Connecticut, USA) for 1/8 coverage. The 454 results were processed in the program QDD ( Meglécz et al., 2009 ) for selection and design of microsatellite primers. The QDD output isolated a total of 22,909 possible microsatellite primer pairs. Paring down the number of possible markers was done with selection criteria that consisted of penalty score (lowest score indicates 'best' primer pair at the locus), size of PCR product (100 -400 bp), primer designs (ranked by primer length, melting temperature, percentage of G and C nucleotides , and mononucleotide repeats), and motif repeat size. The 96 selected loci were manufactured (Integrated DNA Technologies, Coralville, Iowa, USA) and screened for amplifi cation and variability in seven S. macrocarpus individuals using the three-primer approach described in Blacket et al. (2012) . This method enabled effi cient amplifi cation of loci in multiplex PCRs using all four fl uorochromes (FAM, VIC, NED, PET • Premise of the study: Development of microsatellite markers for the vulnerable forb Senecio macrocarpus was performed to begin an assessment of its population structure and breeding method to aid in the conservation of the species in Victoria, Australia.
• Methods and Results: Fifteen microsatellite markers were developed for S. macrocarpus from 454 pyrosequencing. The markers were tested on 104 individuals from four populations. The markers produced between two and seven alleles per locus while the expected heterozygosity ranged from 0.20 to 0.67 and the observed heterozygosity ranged from 0.00 to 1.00. The observed heterozygosity is suggestive that the populations may be apomictic.
• Conclusions: The microsatellite markers developed for S. macrocarpus are intended to be used on future studies that aim to assess the population genetics and local breeding dynamics of the species with an emphasis on conservation. per individual are unexpectedly low for a hexaploid outcrossing species. However, these patterns could be attributed to apomixis and S. macrocarpus ' evolutionary history.
The number of alleles, observed heterozygosity, and expected heterozygosity were calculated in GenoDive version 2.0b24 ( Meirmans and Van Tienderen, 2004 ) for each locus within and among the four populations ( Table 2 ) . The deviations from Hardy-Weinberg equilibrium were extreme and not typical of predominantly outcrossing species. The results show that some alleles are fi xed (as homozygotes and heterozygotes) within but not among populations. Apomixis could be contributing to these patterns as it occurs naturally in Asteraceae in at least 22 genera and seven tribes (reviewed in Noyes, 2007 ) . Indeed, our observation of low pollen to ovule ratio and lack of pollen exertion, in addition to the population structure found in S. macrocarpus , further support this idea.
In terms of cross-amplifi cation, only two markers failed to amplify in the other two species. Five markers amplifi ed and were polymorphic for S. behrianus while a different set of fi ve markers amplifi ed and were polymorphic for S. quadridentatus . Three markers were monomorphic for S. behrianus while eight markers were monomorphic for S. quadridentatus ( Table 3 ) .
CONCLUSIONS
The 15 microsatellite loci characterized herein for the vulnerable forb S. macrocarpus are being used for research to document the population structure, gene fl ow, and breeding system, and to assess population viability of current and future populations. They will also be used to investigate interspecifi c relationships between Australian species. The results of these studies will aid in the conservation of S. macrocarpus in a fragmented Australian landscape. one of four unique universal "tails" ( Blacket et al., 2012 ) . Forward locusspecifi c primers were allocated to one of the four tails, which then dictated the fl uorochrome labeling locus-specifi c PCR products. PCRs consisted of 10-μ L reactions with approximately 20 ng of DNA, 5 μ L Master Mix Type-it Kit (QIAGEN, Hilden, Germany), 0.1 μ L of forward primers (10 μ M), 0.2 μ L of reverse primers (10 μ M), and 0.1 μ L of each dye (10 μ M; FAM, VIC, NED, PET). All PCRs were carried out under the same conditions: 5 min denaturation at 95 ° C, followed by 32 cycles of 95 ° C for 30 s, annealing at 60 ° C for 1 min 30 s and 72 ° C for 30 s, and a fi nal extension at 60 ° C for 30 min. Each reaction was multiplexed with four different primer pairs. The initial primer screening left 15 primer pairs that were amplifi able and variable among the seven individuals ( Table 1 ) . These primer pairs included fi ve dinucleotide, nine trinucleotide, and one tetranucleotide repeat motifs. The 15 primer pairs were subsequently used on 104 individuals among four S. macrocarpus populations: Messent Conservation Park (36.10156 ° S, 139.74366 ° E), Deep Lead Flora Reserve (37.01269 ° S, 142.72166 ° E), Bulban Road (37.92488 ° S, 144.59474 ° E), and Derrimut Grassland Reserve (37.80962 ° S, 144.71980 ° E) with the same protocol used in the amplifi cation described above. Two different Victorian species were used to test cross-species amplifi cation. The more common S. quadridentatus Labill. (GPS coordinates: 37.62569 ° S, 144.96216 ° E; unvouchered specimen determined by Neville Walsh) is closely related to S. macrocarpus and is widespread in southern Australia, whereas S. behrianus Sond. & F. Muell. ex Sond. (voucher no.: MEL 2296795A) is a rare Victorian endemic known to reproduce both clonally and by seed. Fragment analysis of the PCR product was performed via capillary electrophoresis on an ABI 3130xl (Applied Biosystems, Foster City, California, USA) by Macrogen (Seoul, South Korea). Alleles were sized against the internal size standard GeneScan 500 LIZ (Applied Biosystems) and scored using Geneious Software version 5.6.2 (Biomatters Ltd., Auckland, New Zealand). All 15 microsatellite markers showed a clear consistent amplifi cation pattern; locus sm043 had one or two alleles (three individuals had three alleles), all individuals had three alleles for locus sm052, and all other loci had one or two alleles. Chromosome counts show that S. macrocarpus is hexaploid (2 n = 60; data not shown), while S. quadridentatus is tetraploid (2 n = 40; Lawrence, 1985 ) and S. behrianus ' ploidy is unknown. The allele numbers Note : -= failed amplifi cation; M = monomorphic; NV = not variable; P = polymorphic. a Numbers in parentheses indicate the number of alleles amplifi ed at the locus.
